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(57) Abstract /?/ 

''^ ^^^^ providing a biological 
pacemaker for the human heart wherein the si- 12 

T^^u^^t^ ""f' f^-2) are removed 
from the heart and cultured togenerate a criti- 
ral mass of S-A node cells of sufficient quanti- 
ty to generate a depolarization wave capable 
of stimulating the cells of the myocardiim to 
ensure normal or near-nonnal pumping action ' I 
m the heart Tha critical mass of S-A node 
ceUs are then implanted in the myocardial tis- 

"^l ^^^^ t° provide bio- 17 

ogical pacmg for the heart Which is sensitive ' 
to and vanable with normal increase and de- 
crease of output demands on the heart 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front 
applications under the PCT. 



pages of pamphlets publishing international 



AT 


Austria 


E5 


Spain 


AU 


Aufiralia 


n 


Finland 


BB 


Barbados 


FR 


FjBSCC 


BE 


Belgium 


GA 


Gabon 


BF 


BurkiaaFasso 


GB 


United Kingdom 


BG 
BJ 


Bulgaria 
Benin 


HU 

rr 


Hungary 
Itafy 


BR 


BrazS 


JP 


Xapan 


CA 


Canada 


KP 


Demooacic Peop]e*s Repub5c 


CF 


Central African Rcpub&c 




of Korea 


CC 


Congo 


KR 


Republic of Korea 


CH 


Switzerland 


U 


\ irrhrrnyrin 


CM 


Cameroon 


UC 


Sri Lanka 


D£ 


Cenziiny, Federal Republic of 


LU 


Ijixembom^ 


DK 


Oeninart 


MC 


Monaco 



MG 


Madagascar 


ML 


MaH 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


^4o^way 


RO 


Romania 


SD 


Sudan 


SE 


Sweden 


94 


Senegal 


SU 


Soviet Union 


TD 


Chad 


TC 


Togo 


US 


United States of America 



wo 90/10471 



PCr/US90/01213 



10 



15 



20 



25 



30 



35 



-mxs xs a continuation-in-part of U.S. application 
serial number 07/3 iq noA ^f, ^ ^ "PPJ-icarion 
u//3l9,094 filed 06 March 1989. 

BACKGROTTWn OF TTTB rvrrr^.^j^^^ 

A major cause of death and poor health 
lse.s. al T. ""^"^ °' 

£xow Of blood at an adequate rato i-r^ ^ 

levels of exertion and activity 

art=vi 7 ^"""^ terminated. Thj,, 

arteriosolerosis is the well-i™o^ 

disease that is a lea«„o MUet ^ """""^ """"^ 
population, especially 1 ^ °' ^^'"^"'^ " '"^^ 

Diseased coronary arteries «-f^- 
i-^ct*-y.i„*.^^ . atteries often provide 

normal WtTon a^^^T Jair" " 

The result is that \h ^ " ^^^^^"^ blood. 

forcefullv as n '"''^ "° ^°"t^-t as 

torcefully as necessary with the result t-ha-K 

body su«ers .ro. insufficient hl„or«or '"'^'^ 

by a ir cic" "tLr^ 

Clot, that particular area of the h^«w- 

from an adequate supply of blood and, if circula^^ 
not i„ediately resumed, the Buecie tissuT of 
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particular area of the heart will become impaired or 
die. 

Insufficient or terminated blood flow in certain 
areas of the heart can also have deleterious effect on 
5 other functions of the heart, including the conduction 
system of the heart. The conduction system of the heart 
is a group of structures within the heart that determine 
heart rate in response to influences from the nervous 
system, as well as the chemical information carried to 
10 the heart from other organs of the body. The conduction 
system provides stimulating impulses to all parts of the 
myocardium in a coordinated fashion. The coordination 
of the impulses is important to ensure that the 
different sections of the heart act in coordination to 
15 pump blood throughout the body. Coordinated function of 
the heart contraction ensures delivery of an adequate 
supply Of blood to the various organs as demands on the 
organs vary. The stimulations necessary for proper 
excitation of the myocardium need to be coordinated to 
20 ensure the heart contracts effectively to make the heart 
an effective fluid pump. 

The conduction system in the heart depends upon a 
regular generation of a depolarization wave of adequate 
magnitude to cause the myocardium to contract in an 
!5 orderly fashion to force blood through the body-s veins 
and arteries. The proper function of the heart is 
dependent upon the ability of the heart to generate or 
start a depolarization wave at a particular location in 
the heart in order to ensure a proper contraction. This 
depolarization wave must be generated in a place, at a 
location and with a frequency which is responsive to the 
needs of the heart as well as the other functions of the 
body. 

The depolarization wave of the heart is generated 
as a result of some unique characteristics of myocardial 
tissue. Depolarization occurs as cell tissue, either 
muscle or nerve cells, is stimulated. The stimulus is 
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3 

then transmitted to the next cell ir. = 

repolarization v«ve can be gjera,* ifal ° 

. tissue with the result tl^l^t °^ '"'='=^= 

5 to the stiMulus 4Ts r?s 

iuuius. This response results in the f^r^ii- 

-sole function or heart .eat of the hear^ 

-PolarLatr Tti:ms":' 2 T""°" °' 
behavior of the cell .e»h '='"'"'='^'^i="'= of the 

. nvin, tissue. r;in7:r slett^^rUr th" 

:::::%::.:^rth-rre=r\~^^^ 

.ainta!: r^fe^rr^^ - «>e cell ana 

a free .ove^ent « t^^r 

the BoveMent is I 1 

^ IS by no means unrestricteH n j. . 

essential substances are bloc^ea by 4e ceU le J " 
that certain essential substances a« not ' 
Move outside of the cell. Permitted to 

other substances are not neniiittort ^ 
outside of the cell to ■ ^ Permitted to move from 

result that^::"'; r ^ * ^ 

occurs at thT =eu m T -^-tivlty „hich 

tne cell membrane prevent! Tirr ^ 
selected elements through or acror^e oeU 72 °' 
depending upon the nature of the subs J "° 
example, this selective ^rr^aTy :r'^^ f" 
»embrane „or.cs to .eep substances suL as ^ta " 
inside the cell anrt =4- 4.v Potassium 
Of the cell L^L" '"-^ ''-P out 

elements has r^TArthat tH '""""^ °^ 
proper functirrf heU tr' T the, 
-e basis for the ^rar T' "^LZ^Tr 
necessary to stimulate heart h=.» ■ '^°^'"^=t"'> "ave 

When myocardial ^"^' ",11" TTt"'' 
concentration of sodium, whicf carries a "tit""^ 
electrical charge, o„ the outside of the ceU ^ a^: 
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is about equal to the potassium concentration inside the 
cell membrane. When the cell is at rest and when the 
concentration of sodium and potassium on either side of 
the cell membrane are approximately equal, a balanced 
5 condition occurs ih which essentially no activity 
occurs. In a normal cell, a relatively large number of 
substances carry a negative charge. These negatively 
charged substances are of a type which are retained 
within the. cell by the selective permeability of the 
10 cell membrane. As a result, there normally are more 
negatively charged particles or substances inside the 
cell membrane than occur on the outside of the cell 
membrane. This results in a condition in which the 
inside of the cell membrane is more negatively charged 
15 than the outside of the cell membrane. This charge 
difference results in a voltage drop across the cell 
membrane that can be measured . by sophisticated 
scientific equipment. 

Measurement of the voltage drop across the cell 
20 membrane will reveal that the inside of the membrane is 
negatively charged with respect to the outside of the 
membrane, m this condition, the cell is polarized. 

The polarized condition of the cell membrane 
normally exists uniformly throughout the cell membrane 
except when the cell membrane is disturbed or stimulated 
at a particular location. When a stimulant of selected 
types is applied to the cell membrane, the membrane 
loses its selective permeability at that particular site 
with the result that substances which normally are 
inhibited from moving across the cell membrane is lost. 
The cell membrane therefore no longer blocks the 
entrance of such a substance across the cell membrane. 
In such instances, the cell membrane does not block the 
entrance of sodium located outside of the cell. Sodium 
35 can then move to the interior of the cell. The stimulus 
capable of causing the cell membrane to lose its 
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selective permeability cheracterirtic can include a 
stXBUlus such as electrical, mechanical cr thermal 

etimula't T "^'^'^^^ Is 

stimulated soaxum at the stimulated site rushes through 

and across the cell membrane flooding the Interior of 

the cell „.th sodium at that particular location. Js 

inrush Of sodium further disturbs the membrane adjacent 

the orxgxnal site of stimulation so that these adjacent 

admitted over a wider area of the cell membrane. This 
progressively enlarged disturbance of the cell membrane 
expends outwardly from the original site of stimu^ 

stLl».r *° - --P'-iing vave front of 

^ Finally, this progressive increase in the 
stimulation and the progressive loss of selective 

ceT:o r 7r=^= length 

carrres 1 -t' -^i™ 
celTint J" " ".^ negative charge on the 

= cell is T " neutralized so that the 

cell IS than said to be depolarized. This 
depolarization upsets the steady state or relaxed 
condition of the cell Interior and affects th^ 
™rals Of the cell. «yofi.rals ere th "gs oj 
protein running the length of the cell. 'Ml 

' depolarization of the interior of the cell causes Ihe 

:errtr"t"""" 

ai^^iarrrot " ^ - - 

th. !T depolarizes, potassium moves through 

the cell membrane to the outside of the cell. mai. 
potassium exits through the cell membrane, the cell 
membrane also begins to pump sodium out of the cell As 
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the positively charged particles of sodium leave, the 
inside of the cell membrane again starts to become 
negative again. This reestablishment of the normal 
negative state in the interior of the cell continues 
until the original state of the cell, is restored and the 
inside of the cell is again negative with respect to the 
outside Of the cell. When this restoration of the 
negative condition of the cell occurs, the cell begins 
to relax and becomes repolarized. Thus, it is. apparent 
that the cell in a repetition of this process undergoes 
a cycle of contraction and relaxation or depolarization 
and repolarization as a normal function. 

This cycle occurs not in just one of the cells but 
occurs in all of the cells which are neighbors of the 
originally stimulated cell, a stimulated. cell will pass 
on the depolarization to its neighbor cells with the 
result that a depolarization wave will radiate from an 
original site of stimulation, be it electrical, chemical 
or mechanical, • in a wave pattern throughout a muscle 
group such as that represented by the heart. This 
depolarization wave creates a contraction of the muscle 
tissue in a wave pattern so that the pattern moves 
through the cells of the myocardium in a uniform and 
progressive manner, thus generating the pumping action 
which is characteristic of a healthy heart. 

It was this characteristic of the heart muscle to 
react to electrical and mechanical stimulation which led 
A. S. Hyman to develop a machine for ambulance use in 
the 1930 's which could be used to stimulate heart beat 
in accident victims. Hyman is credited with stating the 
principles of pacing through the use of small electrical 
stimulus applied to a relatively small area to give a 
rise to a contraction wave which spreads throughout the 
entire heart muscle giving the heart a relatively normal 
contraction. The device which Hyman developed included 
an electrode needle which could be passed through the 
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ribs Of a patient and into the heart for applying the 
electrical stimulus. PP^Y^^g the 

the understanding of the pacing process. I„ i,5j j,^ 
transact an electrical shocl. to the heart causing it to 

tte use"? nT"' "^^^^ - investigating 

the use Of pacing. The result of this work has evolvel 
to the point Where, today, electro-aechenical pace-aJr 
devices are routinely i„plant«, in the Muscle of^e 

mechanism. " " P"^ln3 

typlcauv h«r""' P--^" «e 

typically battery powered with the batteries having 

average longevity of about five years. ^LalTv the 

electro-mechanlcal pace„a.er is implanted^n ^e Lat 

by positioning an electrode in the apex of the rW 

pa:ient r^est ^^T"^" '^^'^ « 

Chest. This operation is a relativelv 

^xpeneive implant procedure which is satisfatot ^ 
the life ^ ^r 

batteries are exhausted, the battery cannot be «pL^, 
^c..er is nearly the sris^^^^J-: 

th.« Z^t^-^^ix'Z 

fair ;, " "^P'^' "i^" prematurely 

ll^ ^'"^ *° proper 

electrical pulses to stimulate the heart .uede ^s 
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needed; The typical electro-mechanical pacemaker 
includes sophisticated microelectronics which can 
prematurely fail. Further, the hermetically sealed 
pulse generator can develop a leak which will result in 
5 a short of the electrical circuitry necessary to the 
function of the generator. 

The electro-mechanical pacemaker also employs a 
long flexible lead which extends from the pacemaker 
through the heart to the site of the implant of the 
10 electrode used to stimulate the heart muscle. This lead 
is subject to constant flexing with the risk that the 
flexing will ultimately result in a break in the lead. 

Mechanical pacemakers also depend upon the success 
with which the electrode remains implanted in the right 
15 ventricle to stimulate the myocardial tissue. If the 
electrode should become disengaged, it would immediately 
result in misfunction or failure of the function of the 
pacemaker. 

The need to implant the electrode in the heart in 
20 a. secure fashion also includes a further problem of 
ensuring that the electrode remains in place without 
causing inflammation or rejection by the body tissue. 
Typically, the body will attempt to reject any foreign 
tissue or material which is imbedded in the tissues of 
25 the body. This rejection reaction can produce a 
systemic rejection process which will require removal of 
the electrode. Further, the imbedded electrode always 
presents the risk of infection in the muscle tissue with 
the potential for causing serious, if not fatal, trauma 
30 to the heart muscle. 

A further disadvantage of the currently employed 
electro-mechanical pacemaker is the lack of an effective 
mechanism for detecting changes in demand for oxygen by 
the organs of the body. These electro-mechanical 
35 pacemakers stimulat the heart and generate the 
depolarization wave at a predetermined rate. This rate 
does not increase in response to increased demand by the 
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organs of the body in the way natural pacing changes in 
the heart. Consequently, electro-mechanical pacemakers 
tend to Place limitations on the level of physical 
activities of the user. Physical 

5 Accordingly, while great advances have been made 

the pacing process employing effective mechanical 
processors, the use of such electro-mechanical pacers 

SUMMARY nF THR Tmrfn.f T^.^^ 
It is an object of this invention to provide a 
prooess tor utilising a biological pacemaker to ensure 
proper pacing of the heart. 

15 t„ . v™l " ""^ ^"^^"'^ invention is designed 

provMe t-»i»ues in order to 

provide a natural culture of sino-atrial (s-a) node 
cells „hi,* „ay be implanted in the right ventricle of 
Sssue '"""^ «iepolarlzation waves in Myocardial 

20 The present invention provides a process for 

selecting healthy s-A node cells in the heart *ich are 
then cultured to a sufficiently large „ass to generate 
a depolarization wave in myocardial tissue. The mass of 

2S IT T^'l -i** ventricle 

undertake generation of a depolarization wave of 
sufficient magnitude to stimulate the generation of 
contraction of the heart muscle to ensure proper 
function of the myocardium. f P i 

The present process provides a method for 
providing a biological pacemaker capable of responding 
to Changes in the oxygen and other systemic demands of 
the heart and other body organs so that, as the oxygen 
demands of the other organs is increased, the masTof 
35 implanted S-A node cells receive stimulation from such 
demands and changes the frequency of the generation of 
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a depolarization wave to increase the pace at which the 
muscles of the heart contract. 

The process of this invention provides a method 
for omplanting a mass of s-A node cells in the right 
ventricle of the heart which will avoid rejection by the 
body and avoid mechanical failure typical of 
electro-mechanical pacers currently used in the pacing 
of hearts. ^ 

The present invention contemplates a process 
Whereby a mass of s-A node cells is harvested from the 
area of the heart in the right atrium where such s-A 
node cells are located. The harvested S-A node cells 
are then cultured either in vitro or within the body of 
the patient for a.sufficient time to. grow a sufficiently 
large mass of s-A node cells capable of generating a 
depolarization wave of adequate magnitude to stimulate 
the heart to produce contractions.. The S-A node cells 
are implanted in the right ventricle of the heart, 
^ preferably near the apex of the right ventricle, to 
20 generate a depolarization wave capable of stimulating 
the ventricles in a wave pattern which simulates the 
natural contraction of the heart muscle. 

Preferably the S-A node cells used in the process 
are harvested from the patient who will later receive 
25 the xmplant of the newly grown S-A node cells in order 
to prevent any tissue rejection which may occur from the 
use Of unrelated or nonbiological components. 

in the process, the s-A node of the patient is 
Identified and mapped after which the S-A node cells are 
30 removed for growth. After the newly grown S-A node 
cells are implanted in the right ventricle of the heart, 
the previously mapped or identified area of node cells 
naturally occurring in the right ventricle can be 
destroyed in order to prevent "cross-talk" between the 
newly implanted S-A node cells and those remaining in 
the right atrium. 
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CB cells. in one variation of the process a 
-l»«ro-Mecha„icai pace^^er is ^^Z^ ,1 
the patisnt.s l^art while the harvester Le c!ns 
are being cultured to create a critical „ass of ce^ls 

in support normal contraction in 

10 myocardium. ^" 

-^"es^:i^:rn^^^^^^^^^^^ 

the harvested node celHa; ^ ^ ^ T'' 

percutaneous deposition of the cells ZTlZ\' 
15 percutaneous deposit of 5 > ^ ' 

sufficient and critical cell ^ 

Da^-!o«^-. X. ventricle of the 

>o :::t^tle^t':.ertrrde^pr 
=ti«uiatin. th! vericLtTf"r;rers\=r" " 
The^r-r ^ — - '~n- 

= -«^=ra".srof~^^ ^ 
SLs:. ::;^tt:— :i 

step, into the right'v^^o rTrel:""" 
preferably near the aoex o,- P^tienfs heart, 

> generate a depolarization """^ ventricle, to 

the transplanted S-A node cells m^^. • ^^^P' 
whlt^h i-« require some time in 

wnich to grow to an effectivo 

on ertective and critical cell mass 
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Which is capaJple of generating a contraction simulating 
a depolarization wave. 

The present invention also envisions the 
implantation of immxino-compatible S-A node cells not 
5 originating from within the patient. One source of such 
cells is S-A node cells harvested from fetal heart 
tissue. Such fetal S-A node cells can be identified by 
mapping techniques as ej^jlained elsewhere in this 
specification. The S-A node cells, once identified by 
10 mapping, can be harvested and either implanted, without 
substantial intervening culturing, into a patient's 
right ventricle, preferably near the apex of the right 
ventricle, to generate, possibly after some delay to 
allow growth to a critical mass, a depolarization wave, 
capable of stimulating the ventricles of the patient's 
heart in a wave pattern which simulates a natural 
contraction of the heart muscle. Alternatively, the 
harvested immuno-compatible .s-A node cells, such as for 
example, fetal S-A node cells, may be cultured either in 
vtoo or in vivo , for example at a percutaneous location 
within the patient's body until at least a critical mass 
is grown. Subsequently, a critical mass of cultured, 
immuno-compatible non-host S-A node cells is implanted 
in the right ventricle, to generate a depolarization 
wave capable of stimulating the ventricles of the 
patient's heart in a wave pattern which simulates a 
natural contraction of the heart muscle. 

These and other features of the process will be 
more readily understood by a reference to the following 
30 drawing. 

DESCRIPT ION OF THE DRAWTTJfiff 

Figure 1 of the drawings is a cross-sectional view 
of the chambers of the heart illustrating the location 
of the S-A node cells and the preferred site of 
implantation of a biological pacemaker according to the 
present process. 

DETAILED DESCRIPTTOW OF THE PRK FERRKD T!MRnnTTvnm>r 
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mustrates a cross-sectional view of the chambers of 

normally l.e in the chest of a patient. The rlJ 

responsible for pacing the heart in a 
f^ct^oning heart. ^ese S-A noae cells are a sMaU 
■a^ot Of cells burlea within the roof 13 of the rloht 

.0 at-aT IS ::-r — - - 

This small taot Of s-A node cells 12 1, 
responsible for generating the initial depolarization 
wave Which ultimately results in the contraction of Z 
entire heart Muscle and, in particular, the he^« Isc^: 

16 of the left ventricle 21 of the heart m a 

nul: eTd" 1 " -Id 

muse, ! "=ve Which spreads through the 

muscle txssue of the right atrium until the wave fro^t 
20 arrives at another small knot of cells in the rZt 
atrxum identified as atrial ventricular (A-v, node 17 
The A-V node x, .is located low in the rear wil „ ^e 

WMCH " "^^^^^ downwardly within wall Ts 

Which separates the right ventricle « from the left 
25 ventricle 21. The long fibers 22 whi^-i, ^ I ■ 

18 , , , ^ riDers 22 which extend into wall 

are long cell fibers which are much like typical 

A V node 1, along the length of wall la and into all of 
>0 the parts of the ventricular myocardium. it Is note! 
that the Bundle of His 35 v ^ 

His 22 branches at numerous points to 
prov.de stimulation tc the muscles of both 4e rioht 
ventricle 19 and the left ventricle 21 * 

5 Of th.Tr -ntraotion 
Of the left and right ventricles is , dependent upon a 
depolar..at.on wave radiating from the S-A node 12 
through the right atrial and along the Bundle of His 22 
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where the depolarization wave stimulates the myocardium 
of the left and right ventricle low in the heart to 
ensure that the depolarization or contraction of the 
muscle tissue progresses in a wave pattern which will 
produce a pumping action in the left and right 
ventricles. 

When disease in the heart results in impaired 
function in the S-A node 12 or if the diseased heart 
causes damage or interruption in the atrium surrounding 
the A-V node 17 so that depolarization does not reach 
the A-V node 17, then interruption of the depolarization 
wave to the left and right ventricles 21 and 19 occurs. 
Frequently, fractures may also occur in the Bundle of 
Hxs 22 or in the bundle branches 23, 24 or 26 with the 
result that the depolarization wave generated "by the s-A 
node 12 likewise does not reach the right and left 
ventricles 19 and 21 in a uniform and efficient fashion, 
in severe cases, there will be a complete heart' blockage 
Of the depolarization wave, since potential pacemaker 
cells are scattered throughout the heart, the heart may 
not stop pumping at this point; however, the secondary 
pacemaker cells may generate depolarization waves which 
are out of synchronization and thereby cause improper 
rhythm in the contraction of the myocardium. The result 
IS a heart which becomes an inefficient and ineffective 
fluid pump. 

Furthermore, where a complete blockage occurs the 
potential pacemakers cells, if located very low in the 
ventricles, will generate a pulsing rhythm which is very 
slow, frequently in the area of 30-40 beats per minute 
Which is inadequate for normal exercise by a patient' 
While such secondary pacing may be adequate to sustain 
life, it certainly is not adequate for proper 
functioning of the other organs of the body and will 
eventually cause deterioration in those organs. 

It will be apparent from the above description of 
the function of the s-A node 12 and the A-V node 17 
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conduction due to b,-«v ^^""^y* interruption of the 

progression of a • interrupt normal 

pathways „it. ^Su t " "^"^ """"'^ 

Frequentlv si^orted and less effective. 

generation win "suit ^-Polarization 
impulses thus „ve in oL , «*"9raae conduction. 
With the result ttat jfr -^al 
erratic ana ine^tilf lal^" ~ ^""-^ ^ ^ 

-pro.::r;' ^i:;:n!:;te°i\\s";iri"r^" 

generate a depolarizaticn wave vhil ^"''"ently 
has a rhyth» „Mch is unreuZ! t " ""^ 
-result in secondary pacing sTiV „ " 

- are out o. synohroniLion. t a "rtTrr"^^ 
beg.n beating with abnormal rates Tat 'r.^! 
substantially lower than adequate for T 

blood through the body. ^"^^'^ "™ °^ 

- ---SLrrves'LeZVt^n"^ °^ 
ccordinated generation ordiorariratT™ T^"^ 
includes the identification of t^e loo " ' 
hode cans a. in the right atri™ i ^ L T 

ih the process includes lntv„- • " 
30 wen icnown-technigues i„t= r ' 

^eart. ^yPically.Tis o LtrrL^d"" " " 
■^ight atriu,, 11 K„ " introduced into the 

cephalic vein in t ntr T "^'Z"" 
patient. The cathIL , """"^"^'^ 
" vein into the ^Itiria^tr 

ventricle. Typically " T '^i"^' 
the vein to JZTt J' " "i" be placed in . 

pen.it repeated access to the right atriuB 
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11. The introducer is a mechanical device designed to 
access a vein so that successive introduction of 
different catheters nay be introduced into the vein for 
accomplishing several procedures necessary to carry out 
5 the process of this iiivention. 

The first step in the process is to introduce a 
locating or mapping catheter into the right atrium li. 
The locating or mapping catheter may be a catheter of 
well-known design such as an electrophysiology (eP) 
10 catheter used in EP studies by cardiologists. The 
catheter will be used for identifying the location of 
the s-A node cells 12. Cordis Corporation has 
manufactured a catheter with an expandable basket 
designed for such purposes. Location of the S-A node 
cells 12 is important in order to carry out the next 
essential process step which includes harvesting a mass 
of the S-A node cells. 

In one version of the process, the mapping 
catheter merely is used to identify the S-A node cells 
12 in order to ensure collection of an adequate mass of 
the s-A node cells 12 to carry out the further steps of 
the process. Preferably, however, the mapping catheter 
is selected so that it is capable of not only locating 
the s-A node cells but also is designed for identifying 
25 the boundaries of the S-A node cell knot 11. m the 
more preferred version of the process, the mapping 
catheter is manipulated by a physician to search the 
roof 13 of the interior wall in the atrium ii to 
identify the entire area occupied by the s-A node cells 
30 12. Location of these S-A node cells is possible 
because of the characteristic of the cells to generate 
small electrical signals which can be detected by 
mechanisms in the catheter. These signals can be 
directed to recording devices attached to the catheter. 
These recording devices record the location and the size 
of the area occupied by the S-A node cells 12 for future 
reference. 
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After the s-A node cells 12 are located 

r " '^'^ "™ «r ;.r.^ 

inside wall 13 of the ri«hi- • 

tne right atrium 11 tho 
method of carrv-ir,™ . J-x. The preferred 

U.eUnc./„^Utt,;" %-^-;- «.e neatest 

been removed fron the right atrium 11 

Removal o, the tissue sample fr™ the s-i node 1= 

ZJslJ^lTZJ,' ' T'' ---- " n 

- catheters ^ncLe":™ i^,::,rdX^^^ 

"Movln, a small J cells .u^.h 

penetrating the thin wall 13 of the rLht " t " 
cordis corporation manufactures a caLter of tH-"*."' 

a =cre„-t.rdre tsi^Tt: ^s 'T'^' 

iitrrrj^nd"---- — ^^^^^ 

y o tne surrounding tissue and which i-« =.-. 
removed from the patient introducer is 

, the ha:™ - rre rr- 

' generate a larger quantity of healthv s A „ / 
crowth Of human cells Is curre„tlv [ rlt ""^^ 
understood procedure which can t^ pla ft-r/ro":" 
- an alternative, within the patient's bod^ ' 

the JL2/:t:2.tii " 

which includes suf fTcie„: :or„'r" ' 
cxygen and similar ! ^^"ts nutrients, 

r elements necessary for the s-a node 
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cells to reproduce. The in-vitro generation of 
additional s-A node cells will be carried out according 
to well understood principles of cell generation in 
temperature and other conditions which promote 
generation of healthy human cells. 

Another method of generating new S-A node cells 
might also include reimplanting the cells in another 
location of the body, m this process, a surgeon would 
gain access to some other portion of a body where the 
S-A node cells can be implanted but where the cells will 
be adequately nourished by fluids, oxygen and a normal 
blood supply in the body. Generation of tissue in the 
body is known in the art and is illustrated by the 
following patents:. U.S. 3,866,609; 3,866,247; and 
3,707,958 which are incorporated by reference herein. 

in the process including culturing of a patient's 
own harvested S-A node cells within the patient's body 
the harvested s-A node cells may be cultured by a 
percutaneous deposition of the cells. . over time, the 
percutaneous deposit of s-A node cells grows to a 
sufficient and critical cell mass. Subsequently, a 
portion of the mass of percutaneously cultured S-A node 
cells is implanted in the right ventricle of the 
patient -s heart, preferably near the apex of the right 
ventricle, to generate a depolarization wave capable of 
stimulating the ventricles of the patient's heart in a 
wave pattern which simulates a natural contraction of 
the heart muscle. 

The growth of the S-A node cells is monitored 
until the mass of cells grown is of sufficient magnitude 
to generate a depolarization wave capable of activating 
myocardial tissue. The critical mass of S-A node cells 
necessary to generate a viable depolarization wave may 
vary substantially from individual to individual and 
also may vary depending upon the condition of the 
myocardial tissue of the individual patient. it is 
therefore important that the growth of s-A node cells 
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be carried out for a sufficient period to generate a 
-ss Of such , cells Which clearly are Cal" of 
generating a depclarl.ation wave sufficient tTattivate 
^en a severely diseased and inefficient heart^uscle 

r '""^'^ ^ ^^"-^ -poianrat 

wave and which is oreate-r ^-h^t^ ^ 

greater than normal to activate* ^ 

Z^'har^'T °' electrc-„echanic^ 

^ pacers has revealed that stimulation at energy levels 
" f»r in excess of that which is normal by heX s-* 

i°s" r '° - - Joundi^heL 

simoirn- -W^ulating energy appears to be 

effect T^'l "i"- - iU 

13 .ilt resuTt ^^polarization wave, however, 

«ave wMch 1? «ngly, the depolarization 

celL Should r ' "'"'^ '^^^ 

sti^ate th ^""'■'^-"y =trohg to adeguately 

stimulate the myocardial tissue a^ • , ^. 
20 energy level. ^ relatively high 

procesrtweh'"''' "^'"^'^ ^-^^^^ a 

the rio^t ° " ""^^ ''^"^ — ested 

the right atrium of the patient's heart anfl 

pt Lr; Tar^r :rn" ^ 

^-ty near the apex of the right ventricle i-o 

-TvrtrLrr ---^^ - -^--n" 

the ventricles m a wave pattern which simulates th! 
natural contraction of the heart muscle. in such ! 

right ventricle without an intervening culturing ste^ 
the transplanted S-A node cells may regulre some time 
Which to grow to an effective and critical cell "ass 

""^ """-^ Of S-A node cells of 

Efficient guantity to generate a depolarization wa^e 
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has been grown, the next process in the step is carried 
out. The critical mass of s-A node cells is then 
introduced by an implant catheter. Again, access to the 
interior of the heart is through the cephalic vein in 
the right shoulder of the patient. The catheter is 
directed with the critical mass of s-A node cells into 
the right ventricle of the heart. a catheter 
specifically designed to implant tissue is utilized in 
this step of the process and can be one of a number 
typically used in the medical field for such purposes. 
A catheter with a screw-type attachment such as those 
used for fixation in endocardial screw-in leads might be 
an example of one used to implant the critical mass of 
S-A node tissue in the right ventricle of the heart. 

The catheter is directed into the right ventricle 
19 of the heart where the critical mass of s-A node 
cells is implanted, preferably at the extreme apex of 
the right ventricle 19. This critical mass 27 of s-A 
node cells is illustrated in Figure i of the drawings 
Where it is implanted at a site which is at the extreme 
apex of the right ventricle 19. Experience with 
electro-mechanical pacemakers has demonstrated that 
location of the stimulus for initiating depolarization 
waves is best located at the apex of the right ventricle 
19. Depolarization initiation at that location ensures 
that the depolarization wave and, consequently, the 
contraction wave in the ventricular myocardium will 
begin at an optimum location and progress in an orderly 
fashion along the walls of the left and right ventricle 
30 to generate a contraction of the ventricle which is 
typical of a normal heart. The depolarization wave will 
progress from the critical mass 27 upwardly along the 
walls of the right ventricle and left ventricle as 
illustrated in Figure i of the drawings so that the 
35 ventricles contract, forcing blood out of the 
ventricles. 
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■ Thus if the heart un^er treatment has damage to 

. ™ h. 'the c^rca^ist; .rrtr r 

^ x:o create a pumping action which i« r, -■ 

identical to that of a no-r™=-,i nearly 

the failure of the ^P^^^^i"? heart. Thus, 

heart .rl ! ^ conduction elements of the 

ueart are avoided. 

The critical mass 27 o^' « » j, 
preferably placed at the LrL " 
ventricle 19 of the ^Z- °^ ^' 

effective sL! , '^"^ «>=«^= 

te"r a"rfoL""r"" 

alon, the walls l and .ro/^r' 
Experience, however h,= ventricles, 
function oi . - that satisfactory 

motion Of the heart can be achieved if the critH.J 
■ness 27 is located anywhere within , critical 
"f the right ventriciri9 ™. , ^—thirds 
is to the tricuspid va"; T ^7 ""^ 
biological implant heco4 1 ^ ""^ 
aepolari.ation wave higheTl; in"t:e ^^"grvXilet 
tends to produce a depolarization wave whleh J 
spread throughout the heart BuscleT eff elt T 
-th a rhyth. which is as natura/^d efffrvraftht 

:i tLToTtL™ -a 

or une critical mass 27 at a different- 
within the lower two-thirds of the right :::rr cle ir:: 

tissue aT"''' 1 
tissue at or near the apex of the ^ . ^ 

damaged or scarred. ^'^'^ ventricle 19 is 

As indicated in Draving i, the critical mass 27 of 
S-A node cells is implanted in t-h« • • 
«^ 4.V . ^ ^Planted m the interior of the wall 

of the right ventricle 19 so that i-h^ 
of s-A noflo ^. • so that the critical mass 27 

ol L I T " — tantly exposed to the fluids 

Of the body as the fluids pass over the s-A node cells 
27. This exposure of the S-A node cells to the fllia 
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Of the body in the right ventricle 19 ensures that the 
S-A node cell responds to the natural functions of the 
body. The S-A node cells respond to the level of oxygen 
and other chemicals in the blood and,, accordingly, 
function in response to the various levels of such 
elements the same as they naturally functioned in the 
right atrium. 

Consequently, a great advantage of the implant of 
-a critical mass of s-A node cells at the apex of the 
right ventricle 19 is realized because these newly 
implanted S-A node cells will change the frequency of 
depolarization in response to body functions and 
activity, demands. A serious disadvantage of most 
electro-mechanical pacemakers involves the feature or 
inability of such pacemakers to respond to increased 
demands on the heart. Increase in exercise of the 
organs of the body do not result in an increase in the 
pacing of the heart by most electromechanical 
pacemakers. The biological pacemaker represented by a 
critical mass of s-A node cells 27, on the other hand, 
do respond naturally to the increased or lowered demands 
of the body with the result that the S-A node cells 
implanted in the right ventricle function exactly the 
same as a natural pacemaker responding as needed to 
increase or decrease in the demands on the body organs. 

Thus completed, the contemplated process provides 
a patient with a biological pacemaker which functions 
almost identically to the natural pacing of the heart 
except that the location of the depolarization 
initiator, the critical mass 27, is located in the right 
ventricle. 

In most patients, an interruption or a defect in 
the pacing of the heart does not normally create 
immediate danger to the patient. As previously 
indicated, there are many sites of pacing cells in the 
heart and, when disease or blockage occurs which 
interrupts natural pacing, these secondary pacemakers 



wo 90/10471 



PCr/US90/01213 



23 



Til^T °' ""^ to ensure a 

for e suftxcent period of ti.e so that the S-A node 
5 cells removed fro„ the right atri™ can be regrovm for 
reimplantation. A preferred method of generation of the 
S-A node cells involves implantation of these cells in 
the patxent.s hody where they are grown without change 

10 IL environment 
10 necessary for growth of these cells. since the 
harvested cells come from the same patient, and then may 

clrr". P^"-- -ny 

ZZT electro-mechanical pacema.i„g 

xnfectaon. If the patient's own s-A node cells are 
re.„planted, there is no danger that the S-A node cells 
will be Identified as foreign tissue which the patient's 
immune system will att»,pt to destroy or reje« 

20 .r.^ ^""^ "sun^esting of s-A node cells from a. patient 
20 and reimplant of the cells („ <-h pai^ient 
cl.,r7„ ""^ patient is 

Clearly the preferred method o£ undertaking this 
process, the process may nevertheless he carried oufon 
differing individuals. An understanding of the immune 
process .s at a sufficient high level so that harvesting 

ooLi^ individual is reasonably 

possible. With proper tissue typing and suhseguent 

from a healthy individual or heart harvested from a 
» deceased patient can he implanted as described l^ a 
diseased heart of another individual with a relatively 
high probability of success. "ively 

imnl Tl i"«"tlon also envisions the 

implantation of immuno-compatlble S-A node cells not 
■ ""^""ing from within the patient, one source of such 
cells IS s-A node cells harvested from fetal heart 
tissue, such fetal S-A node cells can be identified by 
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mapping techniques as explained elsewhere in this 
specification. The S-A node cells, once identified by 
mapping, can be harvested and either implanted, without 
substantial intervening culturing, into a patient's 
5 right ventricle, preferably near the apex of the right 
ventricle, to generate, possibly after some delay to 
allow growth to a critical mass, a depolarization wave 
capable of stimulating the ventricles of the patient's 
heart in a- wave, pattern which simulates a natural 
10 contraction of the heart muscle. Alternatively, the 
harvested immuno-compatible S-A node cells, such as for 
example, fetal s-A node cells, may be cultured either in 
vitro or invivo, for example at a percutaneous location 
within the patient ' s body until at least a critical mass 
15 IS grown. Subsequently, a critical mass of cultured 
xmmuno-compatible non-host S-A node cells is implanted 
xn the right, ventricle, to generate a depolarization 
wave capable of stimulating the ventricles of the 
patient's heart in a wave pattern which simulates a 
20 natural contraction of the heart muscle. 

Experience with electro-mechanical pacemakers has 
also demonstrated that, on occasion, interference may 
occur between a site of new stimulation and the 
remaining functioning of the remaining s-A node cells. 
25 It IS possible that the S-A node cells located in the 
right atrium are operating properly but with a diseased 
or interrupted conduction of the depolarization wave 
from the right atrium to the lower heart or the left and 
right ventricles. if the S-A node cells generated by 
30 culture are implanted in the apex of the right 
ventricle, these newly implanted s-A node cells may 
generate a depolarization wave which is not compatible 
or m synchronization with the depolarization wave 
generated by the healthy s-A node cells 12 located in 
35 the right atrium. In this case, the heart muscles will 
respond or attempt to respond to both depolarization 
waves with the result that the heart will operate 
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ineffectively and .ay produce ineffective and 
insufficient pu.pln, of t.e biood. xn eucn caJes, Le 
node cexie in t.e rl,nt atriu. should .e dest^y^ 

cells ^''T"^' °' '^^'"^''^ =-A node 

cells in the right atrivm. 

If this step becones necessary, the suroeon would 
re:.ove the implant catheter froB the introducer a^d ^ 

uira j„v \en r """" 

«y several well knovm methods, includinrr 

L~ el^tca 
ablation. The destruction can be carried out by 

inserting a catheter of appropriate choice into thi 

location of the S-A node 12 is then identified fro» 
the previous record of location of the node 12 and I^e 
tZlTTr °' ""^ through tte 

^0 nLrcri:"rT~"=- 'f a 

cells 12 can be destroyed by reference to 
previously „ p., Of roeust 

the right atriu.. By previously recording or capping 
the entire boundary of the s-A node ceUs iT 
procedure can be carried out to ensure that all su* T-l 

g^eration canT"" " ~^ Repolarization ..v 
generation can be removed from the heart. 

Accordingly, after the process has been carried 
provides a biological pacemaker which provides th. 

ITrrr"""^ " va^mg" lant 

, the heart created by increase and decrease of 
-rcise Of the body. The newly implanted blol^icai 
^cemaker responds to normal oxygen, hormonal "a 
35 Chemical changes in the blood with the result that the 
^cing Of the heart is varied In accordance to demand 
Placed on it. This results in more uniform and ade<^ate 
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function of other organs since the organs will be 
receiving varying rates of blood flow as needed by 
increased or decreased demands on those organs. 
Further, this biological pacemaker does not provide the 
disadvantages of exposure to mechanical failure which is 
typically present in the use of all electro-mechanical 
pacemakers . 

In certain patients, the interruption of the 
depolarization and, therefore, contraction of the heart ■ 
to form a natural heart beat is interrupted so severely 
that the normal heart beat cannot be sustained by 
alternate pacemaker cells throughout the heart. m 
these cases, the patient would be in severe stress or 
near death from heart stoppage if temporary pacing is 
15 not provided for the heart while the S-A node cells are 
grown, in these situations, mechanical implantation of 
a temporary electro-mechanical pacer may be necessary in 
order to temporarily sustain the proper function of the 
heart. Implementation of the electrode would be carried 
20 out at the time that the S-A node cells are harvested 
from the right atrium. After the s-A node cells are 
removed by the catheter used for harvesting the cells 
the well-known technique of implanting an 
electro-mechanical pacemaker would then be undertaken 
25 This implantation process is well known and well 
understood in the medical arts and, accordingly, 
requires no further explanation. 

The implanted electro-mechanical pacemaker would 
be left in place while the s-A node cells are being 
30 grown. After the proper and critical mass of S-A node 
cells have been grown and are ready to be implanted in 
the patient, the implanted electrode would then be 
removed from the implantation site at the time that the 
critical mass of s-A node cells is implanted. The last 
step in this process would involve the removal of the 
pacemaker electrode after the S-A node cells have been 
properly positioned. 
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The above-described procedure is „erelv 

V rL^^^^^^^^^ - t invention 

Varxataons »ay be employed in the process without 
.epartxng fro. the scope and principles oT the 
ZIT ^^^""P^^' - variety of .eans for 

destroy^g the S-A node cells in the right atriu. night 
be ^Ployed, including destruction through electrical 
ablation. further, location of the s-a node cell 

airierent locations m the lower portion of th= ,i ^» 

ventricle without departina Cv™ " 

°epartin» from the principles of the 

Z TTl °' — Might L 

affected by the condition of the myocardial tissue in 
^e various locations in the lower right ventricle 
Location Of the critical ..ass at or near the elre^I 
ap«c Of the right ventricle, while desI^lT 
nevertheless can he varied in order to ens^e ptpe; 
generation of a useful depolarization wave. Avoidance 

defects in. the ■nyocardial tissue are to be avoided In 
the implant of the s-a node cells. 

Further, the choice of catheters to carry out the 
various steps of the procedure is dictated onTy by ^e 
proper accomplishment of the particular process step 
AS indicated, a number of different cath.! 
employed , to harvest a mass of ^rnot" it ^T^T 

style Of the catheter used to map the boundaries of the 
node cell may be varied and, yet, not depart frcl 
the process contemplated by the present invention. As 
an e. le, ^^^^^^^^ ^ bas.et-li.e series of 

electrodes might be employed in order to map the 
location Of the boundaries of the S-A node site, 
denartf"^ Variations may be employed without 

::iri?ci":er - — - - 
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A process for providing a biological pacemaker 
implant for the human heart which comprises the steps 

4 of: 

5 identifying S-A node cells in the right atrium of 

6 the heart; 

7 removing a quantity of said s-A node cells from 

8 the wall of the right atrium? 
culturihg said quantity of s-A node cells to grow 

a quantity of said S-A node cell to produce a 
critical mass of said s-A node cells 
sufficient to generate a depolarization wave 
in myocardial tissue; and then 
implanting said critical mass of S-A node cells in 
the right ventricle of the heart to provide a 
depolarization wave of sufficient magnitude to 
stimulate contraction of the myocardial tissue 
of the ventricles of the heart to initiate and 
sustain substantially natural heartbeat. 
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2. A process in accordance with claim 1 in which the 
quantity of S-A node cells is removed from and implanted 
23 an the same heart. 
24 

25 3. A process in accordance with claim 1 in which 

26 culturing of said S-A node cells is carried out in-vitro 

27 and m a culture medium compatible with culture of 

28 myocardial tissue. 
29 

30 4. 
31 
32 
33 
34 
35 
36 
37 



A process in accordance with claim 1 in which said 
quantity of S-A node cells in temporarily transplanted 
m a temporary site of the patient's body and in which 
saxd culturing takes place at said temporary site for a 
sufficient period of time to grow said critical mass of 
S-A node cells after which said critical mass of S-A 
node cells are removed from said temporary site for 
implanting in said right ventricle. 
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2 5 



3 
4 
5 

6 6, 



critical T With clai. i m which said 

crxtxcai Mass of s-A node cells is implanted in the wall 
Of the lower two thirds of the right ventricle. 



7 
8 



9 heart 
10 

11 7. 

12 
13 
14 
15 



=rlt,„», " =«»rdan« with olalB 1 in „Uch =aid 

omxoal .ass of S-A node calls is i„pla„ted at tha apex 
Of th, myocardial tissues of the right ventricle of 



inciudes''r':,tr:rTr ^ 

as the step of destroying the s-A node cells 
re.a^.ng in the right atri™ to prevent generation of 

a depolarxzation wave out of svn,-h>.««- ^. 
J , . synchronxzation with the. 

r ~! -p-ted zr. 



16 S-A node cells. 



17 

ll I'-K nodrT " """""""^ "it"- cl-iB 7 in Which said 
cr:j '^'^"'^ atrin„ ar. 
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22 9 
23 
24 
25 

26 10. 
27 
28 
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30 



cryogenically destroyed. 

s-A nodr°T ---rdance with claixa 7 in which said 
S A node cells remaining in said riaht at^-in™ 
destroyed through electrical ablation. 



the cultur^nr / ^ and wherein 

tl Tode 7. ' implanting said quantity of 

S A node cells in a percutaneous site of the patient 
^avxn, subsequently impXanted wL tL 

crxtxcal mass of s-A node cells. 
31 

32 11. A process in accordance with ciai™ i ^ ^ 

33 the ..A node cells are ^^^.:Tj'Z\':.ZT:': 

36 
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1 12. A process in accordance with claim 11 and wherein 

2 the S-A node cells are identified and removed from fetal 

3 heart tissue. 
4 

5 13. A process for providing a biological pacemaker 

6 implant for the hxaman heart which comprises the steps 

7 of: 

8 inserting a mapping catheter into the right atrium 

9 of - the heart; 

10 mapping the site of the S-A node cells of the 

right atrium to determine the boundaries of 
"the S-A node site and to identify the location 

^3 of healthy S-A node cells; - 

14 removing a quantity of said healthy S-A node cells 

•^^ ^^^'^ the site of said s-A node cells in the 

16 right atrium; 

17 culturing said quantity of S-A node cells to grow 

^ quantity of said S-A node cell to produce a 
1^ critical mass of said S-A node cells 

sufficient to generate a depolarization wave 
^1 in myocardial tissue; and then 

22 implanting said critical mass of S-A node cells in 

the right ventricle of the heart to provide a 
depolarization wave of sufficient magnitude to 
stimulate contraction of the myocardial tissue 
of the ventricles of the heart to initiate and 
2*7 sustain substantially natural heartbeat. 

28 

29 14. A process in accordance with claim 13 in which the 

30 quantity of S-A node cells is removed from and implanted 

31 in the same heart. 
32 

33 15. A process in accordance with claim 13 which 

34 further includes the step of recording the boundaries of 

35 the site of the S-A node cells in the right atrium. 
36 
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JLher " claiB 15 which 

furaer .noludes the steps of locating the site of the 
S-A node cells i„ said right atrlm, from said mapping of 
sa.d s.tus and destroying the S-A node cells remaining 
in the right atrium to prevent generation of a 
depolarization wave in the right atrium. 

slid "■'"■^^""^ "i*^ " in which 

aoex Z T °' """^ ^= ^^-^-O " 

apex Of the myocardial tissues of the right ventricle of 



slid crl^T' ^""""^^-^ Claim 13 in which 

3,11 of tr^ °' """^ i= ^ the 

; heart "^^ ^^"^ " right ■ ventricle of 



implant jrrrr f ' "■^■""l-S ^ bidogical pacemalcer 
implant for the human heart which comprises the steps 



19, 
imp 
of: 

ident^ifying s-a node cells in the right atrium, of 
the heart; 

removing a quantity of said S-A node cells froxn 

the wall of the heart; 
implanting a pacemaker electrode in the right 

ventricle of the heart; 
periodically inducing a depolarization wave in the 
myocardial tissue of the right ventricle 
through said electrode to promote a regular 
heartbeat function in the heart; 
culturing said quantity of s-A node cells to grow 
a quantity of said S-A node cell to produce a 
critical mass of said s-A node cells 
sufficient to generate a depolarization wave 
m myocardial tissue; 
implanting said critical mass of s-A node cells in 
the right ventricle of the heart to provide a 
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1 depolarization wave of sufficient magnitude to 

2 stimulate contraction of the myocardial tissue 

3 of the ventricles the heart to initiate and 
^ sustain substantially natural heartbeat of the 

5 heart; and then 

6 removing said pacemaker electrode from the right 

7 ventricle of the heart. 
8 

9 20. A process in accordance with claim 19 in. which the 

10 quantity of S-A node cells is removed from and implanted 

11 in the same heart. 
12 

13 21. A process in accordance with claim 19 in which 

14 culturing of said S-A node cells is carried out in-vitro 

15 and in a culture medium compatible with culture of 

16 myocardial tissue. 
17 

18 22. A process in accordance with claim 19 in which 
said quantity of s-A node cells is temporarily 
transplanted in a temporary site of the patient's body 

21 and in which said culturing takes place at said 

22 temporary site for a sufficient period of time to grow 

23 said critical mass of S-A node cells after which said 

24 critical mass of s-A node cells are removed from said 
temporary site for implanting in said right ventricle. 
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27 23. A process in accordance with claim 19 in which 

28 said critical mass of S-A node cells is implanted in the 

29 wall of the lower two thirds of the right ventricle. 
30 

31 24. A process in accordance with claim 19 in which 

32 said critical mass of s-A node cells is implanted at the 

33 apex of the myocardial tissues of the right ventricle of 

34 the heart. 
35 

36 25. A process in accordance with claim 19 which 

37 further includes the step of destroying the s-A node 
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1 cells remaining in the ^riaht at^-i,™ 

2 aenerai-i^^ * ^ atrium to prevent 
generation of a depolarization wave out 
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oy said iinplanted mass of s-a node cells. 
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cryogenically destroyed. 



A process in accordance with claim 25 in wKi^h 

:::: ^'t^^ ^^-^^^^-^ ri;t ittL at 

destroyed through electrical ablation. 

implant fTtT r """'"'"^ ^ biological pacemaker 
-Plant for the human heart which comprises the steps 

identifying s-A node cells in the right atrium of 
the heart; 

removing a quantity of said s-A node cells from 

the wall of the right atrium; 
implanting said removed s-A node cells in the 

right ventricle of the heart; 
culturing said implanted s-A node cells to grow a 
quantity of said S-A node cells to produce a 
critical mass of said implanted S-A node cells 
sufficient to provide a depolarization wave of 
sufficient magnitude to simulate contraction 
Of the myocardial tissue of the ventricles of 



the heart to initiate and sustain 



substantially natural heartbeat. 
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